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The study has progressed to include census data for four decades (1971, 1981, 1991, 2001 ), vital events information (births, deaths) and cancer registry notifications. 2 It is now managed and funded by the ONS and the Economic and Social Research Council (ESRC) provide further funding for an academic support service.
Although a similar sample was extracted from Scottish 1971 Census data, the 1% sample (around 50 000 people) was argued to be too small to allow research on many of the epidemiological and sociodemographic questions of importance to Scotland. The original Scottish study was, therefore, discontinued in 1981 and, sadly, the original data from the 1970s were not retained.
When we revisited the idea of establishing a SLS in the early 2000s, various factors made it feasible. The growing awareness of the value of longitudinal data to answer a range of complex research questions among a number of academic and government researchers led to valuable support for the funding requests. Improvements in computing power, data linkage techniques and the quality of electronically held administrative datasets since the 1970s also meant that embarking on such a linkage study was more technically feasible. On the other hand, attempting to locate and transcribe information from some of the historic census and vital events records raised a series of challenges.
A group of academics requested funding from the then Scottish Higher Education Funding Council (SHEFC), now the Scottish Funding Council (SFC), to establish the Longitudinal Studies CentreScotland (LSCS), which is responsible for the establishment, maintenance and support of the SLS. Because of the problems associated with the 1% sample size, identified when the Scottish component of the LS was abandoned, this funding allowed for a 2% nationally representative sample, based on eight birthdates (four of these matched those used in the England and Wales LS to allow future comparative studies). Further funding to establish the study was then secured from the Scottish Chief Scientist's Office (CSO), which allowed us to increase the sample to 5.5%, based on 20 birthdates. Additional funding from the Scottish Executive and, more recently, from the ESRC has since enabled the establishment of the SLS support team that provides tailored, free support to academic researchers wishing to use the dataset.
What does it cover?
Two factors were especially important in the decision to establish the original England and Wales LS. 1 First, there were concerns about the limitations of occupational data collected at the time of death, which had previously been used to calculate occupational mortality rates. For causal relationships between occupation and mortality to be determined, information on occupations is required some time before the onset of illness and death. Some people will move into parttime or temporary employment at, or after, retirement and this occupation should be recorded on the death registration, rather than previous occupations that may have lasted for many years and which may have been more likely to have influenced long-term health outcomes. Also, the quality of occupational data collected at the time of death was known to be unreliable, perhaps because of informant's ignorance of the deceased's occupation, or the tendency of informants to 'promote' the deceased person. 3 The second factor that influenced the establishment of the LS was the need to provide better information on fertility and birth spacing. Little was known about the role of social and economic characteristics in family formation and other studies, which collected some relevant information, such as the General Household Study (GHS), were too small to allow certain detailed analyses. Also, the cross-sectional nature of such studies meant that fertility information could only be collected retrospectively. For these combined reasons the OPCS decided to establish the LS that would make use of routinely collected data and which, it was expected, could also be used to tackle a range of general research questions.
Like the LS, but unlike most cohort studies, the recently established SLS was also designed to be a general purpose, multi-disciplinary study. Compared with England there is a poverty of longitudinal databases on demographic, socio-economic and health information in Scotland; even those studies that encompass the whole of Britain rarely have sample sizes that allow for much Scotland-specific research. This is unfortunate as Scotland is considerably more disadvantaged than England and Wales, with a noticeably worse health record in recent decades. 4 Thus, Scotland has higher mortality rates, wider health inequalities and a more deprived and a faster ageing population than England and Wales. 5, 6 Scotland has among the highest rates of heart disease in Western Europe, and the rates of certain types of cancer are among the highest in the world. 7 Some of its poorest areas, such as parts of east Glasgow, rank among the unhealthiest in the whole of Europe. 8 It was also recognized that, with devolution, the Scottish policy context was likely to become increasingly different to that in England and Wales. One example is the provision of care for the elderly that is free in Scotland, but not in England and Wales, and the effects of such policies require large scale longitudinal data to be properly evaluated. The advantage of establishing a study that would allow comparisons to be made with the LS seemed compelling, therefore.
As a consequence, there was a growing realization that a SLS, similar to the LS, of a large enough size to allow various health-related research questions to be addressed, would be a valuable resource. Discussions about its establishment began in the early 2000s.
Who is in the sample?
The SLS was designed to be a nationally representative 5.5% sample of the Scottish population based on 20 birthdates. The size of the sample (initially 274 055 persons at the 1991 Census but reduced to 270 385 after the exclusion of dummy and duplicate forms giving a 5.3% sample of the estimated entire population) has been set to allow the investigation of reasonably rare events (dummy forms were created for people thought to be missing at the time of the census, which helps provide a more accurate estimate of the entire population. However, it would not be possible to link these 'invented' people with any other source. Duplicates are people captured on more than one census form; children who spend time with separated parents are a common example). Of these, 265 321 could be flagged in the National Health Service Central Register (NHSCR), which is crucial for linking to other datasets (see subsequently).
The SLS date distribution follows the annual Scottish births distribution and included within these dates are the four England and Wales LS dates. The inclusion of the LS dates within the SLS provides the opportunity for the construction of a 1% UK longitudinal study dataset in the future (England and Wales, Northern Ireland and Scotland). It is a sample with replacement-as people leave the sample over time by death and emigration out of Scotland others enter by birth and immigration into the country. Unlike some panel studies, therefore, it will reflect population change within the country over time.
Initially, data were extracted for all respondents with the correct birthdates in the 1991 Census. In addition, any persons born on SLS dates are included in the sample if they were either born in Scotland or have immigrated into Scotland from elsewhere since 1991. These individuals are identified through the NHSCR when they register with a General Practitioner (GP) in the National Health Service (NHS). The vast majority of the population are registered with a GP. A smaller number of new members were identified in the 2001 Census (some people will move into Scotland between the censuses, but may take some time before they register with a GP). Exits from the study are either by death or emigration and re-entries can occur into the study if emigrants return to Scotland.
Because of the reliance on routinely recorded administrative records, the sample is very large and reliable. Table 1 shows that of the 265 321 members identified in the 1991 Census who could be flagged in the NHSCR, as many as 193 717 (73%) could be identified in the 2001 Census. Some will have died or left the country in the intervening period. The sample size is quite considerable, even when broken down by age and sex, and this makes it possible to use the study to explore relatively rare events. The figures relating to the SLS members are for those flagged in the NHSCR. We do not attempt to flag the other household members through the NHSCR.
COHORT PROFILE: THE SCOTTISH LONGITUDINAL STUDY
How often have they been followed up?
Linkage between different datasets is organized through a third party such that names and addresses are not required to be held on the anonymous SLS database. Thus, the members of the SLS are not known to the study team and no personal contact has, or will, be made with the study members. Information is collected about them from routine sources on a regular basis and the database is dynamically updated. Census data is available for 1991 and 2001 (and in the future 2011). In the inter-census periods, vital event information is collected on a continuous basis. In addition, linkage to health information from 1991 onward is possible (see subsequently).
What has been measured?
The datasets currently included in the SLS database are summarized in Table 2 . Basically, they include census, vital events and health data. The 1991 and 2001 Census data include a wide range of cultural, demographic, health, housing, employment and social variables. Virtually, all the information recorded on the relevant census form is included in the SLS. 10 We collect census data for the SLS members, who are followed through time and linked to other datasets (265 321 in 1991), and also for those living in the same household at the time of the census (511 779 in 1991). These other household members are not followed through time or linked to other data sources.
Vital events data collected for the SLS members include births of new SLS members into the study (those born with one of the 20 birthdates), births, stillbirths and infant mortality occurring to sample members (where the mother and/or the father is the SLS member), widow(er)hoods (where the SLS member is the surviving spouse), deaths, cancer registrations, hospital discharges, marriages (where the bride and/or groom is the sample member; note that marriage information is not available in the England and Wales LS as marriage certificates include ages, rather than dates of birth which are used in Scotland, divorces (where the husband and/or wife is the sample member; note that the information on divorces will become available shortly), emigrations out of Scotland and re-entries after earlier emigrations. These events have been added for the period 1991-2001 and we are currently It is also planned to include fertility events between 1974 (when the information on vital events was first collected electronically) and 1991, allowing us to build complete fertility histories for some women in the study. The health data are provided by the Information and Services Division (ISD) of the Scottish NHS. Unlike the vital events data, which are linked into and held on the SLS database along with the census data, due to the dynamic nature of these health data they are linked on a project-by-project basis. As with the LS, these include cancer registrations, which occur to sample members. Unlike the LS, though, we are also able to link hospital discharge information, allowing studies of a wide range of morbidity outcomes.
More detailed information on the variables held in the SLS is available in the data dictionary that can be found on-line at http://www.lscs.ac.uk/sls/dict.htm. Information on the health data (cancer registrations and hospital discharges) is not contained in the data dictionary yet, but can be obtained by contacting the SLS support team (lscs@st-andrews.ac.uk).
All the original study members captured from the 1991 Census are flagged at the NHSCR and subsequent information from the 2001 Census, vital events and hospital records can be linked. Table 3 provides figures on the numbers of people captured in the vital events data between the 1991 and 2001 Censuses (because cancer registration data and hospital discharge data are linked as required for a particular study figures are not available for them).
What is attrition like?
The SLS includes data that is either required to be collected by law (census, birth registration, death registration, marriage registration, cancer registration) or is collected as a standard administrative function (hospital discharges). As a result, attrition rates are extremely low and linkage rates for events tend to be very high. The SLS began with 265 321 members identified in the 1991 Census and flagged in the NHSRC. Of these, 83 567 (31.5%) have since been identified in at least one vital event record. Of the original 265 321, as many as 193 717 (73%) were identified in the 2001 Census data and 44 219 (23%) of these have recorded a vital event.
Excluding those 28 898 who we know have died between 1991 and 2001, and those 10 565 who we know have either moved to England and Wales or gone abroad, this leaves 32 401 or 12.2% who could not be found in the 2001 Census. These will include most of those who have emigrated out of Scotland to destinations outside the UK, in which case we are unlikely to have recorded this move (identifying emigrants from the UK relies on study members informing their GP that they are leaving the country, which many fail to do), or to elsewhere in the UK, in which case the sample member may have delayed re-registering with a new GP. It is known, for example, that young male adults take some months on average before they re-register following a move. It is also possible that some of those lost by 2001 will reappear in a subsequent census, vital events or health record.
Note 
What has it found? Key findings and publications
The SLS dataset is a general-purpose resource that can be used to examine a range of academic and policy-relevant questions. For example, we can compare individuals' changing circumstances in the two decennial censuses. We can relate their (changing) characteristics recorded in these censuses to subsequent health, fertility or death outcomes. We can also link vital events outcomes to each other, such as comparing women's fertility histories and their subsequent health. In addition, the ability to compare data from the SLS with similar data in England and Wales and, in time, Northern Ireland allows different cultural and policy settings to be compared.
The SLS only launched in mid-2007, but a number of projects have been approved and are now being supported. For example, these include studies Marriages of sample members 21 321
Infant mortality of children of sample members
271
Stillbirths to sample members 264
The dynamic nature of this type of dataset means that intermittently we attempt to improve our linkage rate. Hence the figures in this table may get larger with time. Divorces will be added to the vital events data shortly.
of: post-partum psychiatric illnesses; the health problems of people who flow between economically active and inactive groups; the effect of air pollution on negative health outcomes such as cancer, hospital admission for various diagnoses, and stillbirth; social mobility and health and solo living and mortality. We expect the study to generate numerous publications over the next few years-the LS, which does not have the advantage of linking into hospital discharge data, has generated over 600 academic publications since it began in the 1970s, including many that focus on health questions including occupational mortality, fertility and mortality, inequalities in health, ethnic health and migration and health (see the LS publications list at http://www.celsius.lshtm.ac.uk). Much of this work has fed into government social policy.
The SLS website includes pages for SLS Research Working Papers and Technical Working Papers (both at http://www.lscs.ac.uk/sls/publications.htm). In the future, lists of peer-reviewed publications will also be included on this site.
What are the main strengths and weaknesses? Strengths
The SLS has a number of strengths compared with other longitudinal and cross-sectional datasets in Scotland. First, the sample is nationally representative and extremely large compared with surveys. This means that relatively rare health events can be studied. Some surveys collect little or no information from people living north of the Caledonian Canal, because of the costs of collecting data in such a remote, sparsely populated region, but the SLS samples across the whole of the nation. The availability of geographical indicators makes it possible to study subpopulations in certain regions, or to study contextual effects. Second, the Census and many of the vital events registrations are compulsory, which means that a very high proportion of the expected sample can be found. Third, the quality of the NHSCR register means that a high percentage of our study members can be flagged, which is crucial for the process of linking different data together for them. Fourth, attrition rates are very low as there is no respondent burden associated with the SLS. We do lose migrants out of Scotland, although they are reintegrated into the study if they return. Future research will explore how migrants to England and Wales who have one of the four LS birthdates could be linked across the SLS/LS studies. Fifth, unlike most household surveys, the SLS includes people in communal establishments and, although the number involved is not large, this group can be analysed separately. Sixth, and as stressed earlier, the ability to link hospital discharge information widens the scope for health-related research compared with that which is possible with the England and Wales LS. Seventh, the free academic support provided for this dataset through ESRC funding means that potential users can get expert advice on their proposed projects, and help to undertake them. This support includes creation of the dataset and statistical advice. Eighth, the different routes for data access mean that the opportunities for undertaking research projects are reasonably flexible (see subsequently). Ninth, the existence of a support team means that the metadata and technical reports concerning the study are well developed. Training sessions are also held on a regular basis that potential and current users are encouraged to attend. Tenth, the SLS has been designed as a general resource available to researchers to use free of charge. This differs from some medical cohort studies that are protected by those responsible for establishing them. We strongly promote free access to all bona fide researchers. Finally, the establishment of this study has only been possible because of the highly productive and collaborative spirit of the various groups involved, who include the academic researchers, the General Register Office for Scotland (GROS), the NHSCR and ISD. The strength of this collaboration has resulted in a large, secure and well-managed anonymized dataset.
Weaknesses
As with any study there are also some weaknesses. First, while vital events and health data are updated regularly, the Census data that provide demographic, social and economic variables are only collected every decade. Changing circumstances between these points, except vital events and health episodes, are unknown, therefore. Second, the sensitivity of the dataset means that unlike some studies that are lodged in the ESRC Data Archive and which can be downloaded onto researcher's desktops, access to the SLS is restricted. While we have spent considerable time trying to make the access arrangements as user-friendly as possible, it still requires a different method of working compared with that which most academic researchers are used to. Third, we cannot return to the study members and this restricts the information we hold on them. We do not, for example, have any information on health behaviours, such as smoking, drinking, diet or exercise, as these are not items collected in the national Census. We do plan to add small-area estimates of some of these factors, such as smoking behaviour, but these will be ecological-, rather than individual-level, variables.
Can I get hold of the data? Where can I find out more?
As described earlier, the SLS is a large and complex dataset that includes a range of sensitive personal information about individuals. It is essential that people's privacy is protected and that confidentiality is maintained and we, therefore, use a series of measures to ensure this.
First, strict controls are in place in relation to the dataset itself. Only a small group of researchers who are responsible for maintaining the dataset are aware of the 20 birthdates. Also, the dataset is anonymous as neither name nor address is included, and the method of flagging and linking data through a third party (the NHSCR) involves a complex system designed to maintain anonymity in the SLS database.
Second, the environment in which the data are managed is strictly controlled. The dataset is held in a GROS building where staff and visitors are required to wear passes at all times. Visitors are required to be escorted in the building at all times. The data sit on a stand-alone network, which is password protected and access to these computers is only possible in two rooms, both of which are keypad protected. Researchers using this safe-setting are continually supervised.
Third, the creation, maintenance and use of the SLS are overseen by a Steering Committee and every proposed project is considered by the SLS Research Board (SLSRB), which grants permission for studies to be undertaken. No projects are permitted, which might allow individuals to be identified and researchers commit themselves to an agreement that they would never even attempt to identify anyone in the SLS. Application to the SLSRB is a crucial step in the process and our support team provide help with drafting this application.
Fourth, once a project has been agreed, access to the data is strictly controlled. Unlike many other secondary datasets, we do not make the raw microdata publicly available through any of the academic data archives and such data are not released to researchers. Instead, a subset of the data is created for each project and the researcher can analyse it using two different strategies. 'Remote access' allows the user to send syntax generated from a statistical package (e.g. SPSS, SAS, Stata), which is run on their dataset on their behalf. A version of their database, which has had all the actual data removed, except for the variable names and labels, is sent to the researcher. From this it is possible for users to specify analyses by creating syntax code that will be returned to the SLS team to be run on the original dataset. Help can be provided with writing syntax for those who have little or no experience of writing such code. Assuming the code runs error-free, the results will be checked for confidentiality concerns (for example, table cell counts must be three or more and scatterplots and model residuals may be restricted) and, assuming there are none, they will be returned to the user. This may become an iterative process as the user requests refinements to their analysis. More rarely, for those who require more support, or who wish to use more specialist statistical approaches (such as multi-level modelling), there is the option of working on their dataset in a 'safe setting' based in the GROS in Edinburgh where the SLS is housed. Such visits are managed in accordance with strict rules protecting the data and only non-disclosive outputs from analyses will be released, once they are checked for confidentiality issues.
Those interested in accessing the SLS should visit our website (www.lscs.ac.uk), where a step-by-step guide to data access is provided. They will also be encouraged to make contact with one of our support officers who will aid them through the process (email lscs@st-andrews.ac.uk).
